Evolutionary studies have traditionally relied on concatenation based methods to reconstruct 1 1 relationships from multiple markers. However, due to limitations of concatenation analyses, 1 2 recent studies have proposed coalescent based methods to address evolutionary questions.
3.4 million years ago (mya) . Similarly, Wang et al. (2015) proposed that the numts originated 1 3 6 in the genus Semnopithecus and hypothesised a unidirectional introgression from 1 3 7
Semnopithecus into the ancestors of capped langur and T. shortridgei. They dated the time of 1 3 8 hybridisation to be no later than 0.26 mya and no earlier than 3.47 mya. Hybridisation in 1 3 9
primates has been reported between species and subspecies(Pastorini, Zaramody, Curtis, 2006; Dunbar & Dunbar, 1974; Jones et al., 2005; Zinner, Chuma, Knauf, & Roos, 2018) . Whereas, the numts data suggests past hybridisation between Trachypithecus and 1 4 5
Semnopithecus. Nevertheless, it must be noted that these studies have undertaken used. Furthermore, we also undertook a separate analysis of mtDNA dataset which included a 1 5 3 large mitochondrial fragment from a wild caught capped langur to reconfirm its position in 1 5 4 the mitochondrial tree. This was important given the past studies either used smaller fragment 1 7 5 reaction volume was set with 2 µl (total DNA concentration varied between samples ranging 1 7 6 from 20 ng/µl to 80 ng/µl) of DNA extract, 0.25 mM of dNTPs (Bangalore Genei, 1 7 7 Bangalore), 0.2 µM of each primer (Amnion Biosciences, Bangalore), 1U Taq polymerase 1 7 8 (New England BioLabs ® Inc.) and a standard 1X reaction buffer premixed with 1.5 mM 1 7 9
MgCl 2 (New England BioLabs ® Inc.). A 'touchdown' PCR program was used with an initial Products). The purified product was outsourced for sequencing to Amnion Biosciences Pvt. Ltd., Bangalore; some of the samples were outsourced to Medauxin, Bangalore. Additionally, eight mitochondrial markers were amplified from a single capped langur 1 8 8 tissue sample (Table 2) . First, we used a long-range PCR kit (Expand Long Template PCR System, Roche) to amplify a long fragment of mitochondrial DNA (mtDNA) genome in order 1 9 0 to minimise the chances of amplifying a numt sequence. Second, we identified these eight genes by comparing our sequence with the whole mitochondrial (mt) genome of capped 1 9 2 langur available in GenBank. Following primer pair was used to amplify the long fragment; CCAATGGATAGCTGTTATCCTTTAAAAGTTGAG -3') (Raaum, Sterner, Noviello, 1 9 5 , & Disotell, 2005) . The PCR cycle conditions followed were as per the 1 9 6 manufacturer's protocol (Roche). PCR product was outsourced for purification and 1 9 7 8 sequencing to Amnion Biosciences Pvt. Ltd., Bangalore. We were not able to amplify the 1 9 8 long mitochondrial fragment from fecal samples because of the low yield of degraded DNA 1 9 9 which is typical of faecal samples. We did not attempt to amplify small mitochondrial 2 0 0 fragments for single markers from the fecal samples, to avoid accidental amplification of 2 0 1 numt sequences. The sequence chromatogram file was viewed and edited manually using ChromasLite v2.01 2 0 4 (Technelysium Pty Ltd). We generated a long fragment of mitochondrial genome for one 2 0 5 capped langur tissue sample (CES11/299, Table S4 ). This long fragment of mtDNA consists 2 0 6 of eight protein coding loci -Cox1, Cox2, ATP8, ATP6, Cox3, ND3, ND4L, ND4 (Table 2) . All the sequences are deposited in GenBank (Table #; sequences will be deposited after the 2 0 8 acceptance of manuscript). Each sequence was checked by comparing with orthologous 2 0 9 sequences available in GenBank by using Nucleotide BLAST search tool. The mitochondrial fragment, sequenced from one capped langur (belong to the CG 2 1 1 lineage group) tissue sample in this study, was aligned with 19 Asian colobines and one 2 1 2 African colobine sequences available in GenBank (Table S1 ). Downloaded sequences tRNAs from the mitochondrial fragment were excluded from the analysis. Nuclear dataset 2 1 6 generated in this study i.e. seven sequences from individuals that belong to CG lineage and 2 1 7 one sequence from Semnopithecus hypoleucos, were aligned with sequences of 13 other 2 1 8
Stewart
Asian and African colobines available in Genbank (Table S2 ). The nine nuclear genes were 2 1 9 concatenated to create a multilocus supermatrix of the nuclear data. The two data sets were there is no provision in RAxML for applying multiple models across partitions, we used GTR 2 2 9 9 + G as the model of substitution for all partitions in our data set (Table S3 ). We performed 2 3 0 1000 slow bootstrap replicates to assess support for different nodes. The Bayesian analysis 2 3 1 was done in MrBayes 3.2.2 (Ronquist et al., 2012) . Nuclear data analysis was run for 15 2 3 2 million generations with sampling frequency at 500 and the mitochondrial dataset was run for four chains, convergence of the runs was determined when the standard deviation of split 2 3 5 frequencies was <0.01. Using Tracer v1.6 (Rambaut, A., Suchard, M.A., Xie, D., Drummond, 2 3 6 2013) we plotted each parameter against generation time to determine the effective sample 2 3 7 size (ESS) value of >200. The first 25% trees were discarded as burn-in. Evolutionary processes like hybridisation, incomplete lineage sorting (ILS), gene duplication 2 4 0 and gene loss make it difficult to estimate species trees from multi-locus nuclear data. These 2 4 1 processes can make gene trees incongruent and different from the overall species tree 2 4 2 (Maddison, 1997). The individual gene trees from the nine nuclear markers were 2 4 3 uninformative due to lack of phylogenetically informative sites; therefore, to infer a nuclear 2 4 4 marker based species tree we used two different approaches. First the program ASTRAL II file. Input tree file was generated by combining individual gene tree outputs from RAxML. ASTRAL is a 'summary statistic' method which uses input gene trees to estimate 2 5 1 species tree. However, summary methods are known to be sensitive to gene tree estimation In the Bayesian phylogeny ( Fig. 1) , the CG lineage was sister to Trachypithecus with 3 0 4 a strong support (PP = 1). The Semnopithecus hypoleucos sequence from this study branched Trachypithecus were sister to each other to the exclusion of the odd-nosed monkey group. Relationships within these major clades are not completely resolved and lack good support. The ML tree (not shown) also retrieved similar relationships with bootstrap support (BS = 3 0 9 98) for the CG + Trachypithecus clade. The mitochondrial dataset consists of a large fragment (5933 bp) containing eight 3 1 2 mitochondrial genes ( discordance between mtDNA and nuclear dataset with respect to relationships between The topology in the likelihood tree (BS = 100; not shown) was similar to the Bayesian tree. Thus, both nuclear and mitochondrial markers suggested sister relationship between CG 3 2 0 lineage and Trachypithecus. We also conducted a separate analysis of the mtDNA dataset that included the previously reported numts by Wang et al. (2015) . In this tree, the mtDNA 3 2 2 fragment generated in this study did not branch with the numts (tree not shown). Additionally, our sequence did not have any of the typical changes associated with numts, 3 2 4 such as indels that cause frame shift, nonsense mutations etc. Our coalescent based multilocus analysis of the nuclear dataset generated contradictory Semnopithecus. However, when "taxon partitions" option was used, the position of CG values for all the parameters were >>200 for the two independent BEAST runs suggesting Previous studies that have attempted to resolve the phylogenetic placement of CG markers which was taken as evidence for hybrid origin of CG lineage. However, the study by Wang et al. (2015) suggested that this incongruence might be due to the use of numts instead 3 5 0 of true mitochondrial sequences. In the present study, we used multiple nuclear and 3 5 1 mitochondrial markers to resolve the phylogenetic position of CG lineage. Additionally, we 3 5 2 also implemented both concatenated analysis and coalescent based species tree building 3 5 3 methods to better understand the origin of CG lineage (Fig. 3) . Phylogenetic tree obtained from the nuclear dataset showed the CG lineage to be 3 5 5 monophyletic. However, within CG lineage, neither capped or golden langur was found to be 3 5 6 monophyletic. This could be because these are recently diverged taxa and the nuclear DNA does not contain enough information to separate out these two lineages. The relationship 3 5 8
within CG lineage can further be resolved by using fast evolving nuclear markers, such as 3 5 9 microsatellites. Additionally, adding more samples to the phylogeny might also help resolve 3 6 0 the relationship within the CG lineage. The nuclear as well as the mitochondrial concatenated analyses placed CG lineage 3 6 2 sister to Trachypithecus with high support. However, the nuclear species trees supported 3 6 3 conflicting topologies. Among them only SVDquartet analysis (without taxon partitions) 3 6 4 recovered the above relationship but with very low support (Fig 3, A) . Whereas ASTRAL 3 6 5
and SVDquartet (with taxon partitions) supported alternate scenarios again with low support. Thus, the species trees are unable to resolve the relationship between Trachypithecus, 3 6 7
Semnopithecus and CG lineage. The low support for relevant nodes in the species trees is 3 6 8 suggestive of different evolutionary histories of these nuclear markers due to processes like Collectively, these results suggest that the phylogenetic position of CG lineage 3 7 5 remains unresolved. The convoluted evolutionary history of the CG nuclear makers, we 3 7 6 believe, is due to hybridization rather than ILS. This is because, multispecies coalescent Trachypithecus. Secondly, the CG lineage is distributed in an area that abuts the eastern and Bangladesh and Bhutan. This implies that there was an overlap in the distribution of Semnopithecus and Trachypithecus (Table S6 ). Presence of morphologically intermediate bigger Semnopithecus males which have an advantage over the smaller Trachypithecus males 3 9 5 for access to Trachypithecus females. The genetic data is consistent with this scenario 3 9 6
wherein the mtDNA of CG lineage is related to Trachypithecus whereas the nuclear DNA 3 9 7 appears to be of both Semnopithecus and Trachypithecus origin. Our dating analysis (Fig. 4) 3 9 8
shows the divergence between Semnopithecus and the Trachypithecus + CG clade to be 3 9 9
around early to mid-Pliocene (3.9 mya; CI -5.2 mya to 2.7 mya) and the divergence between MSC method based analyses were incongruent with each other and with the concatenated tree 4 0 7
suggesting ILS/ hybridization in the data set. The low node support in the trees for the node 4 0 8 of interest (Fig. 3 ) could also arise due to gene tree estimation error owing to splitting the 4 0 9 overall dataset into small partitions (Gatesy & Springer, 2013; Meredith et al., 2011 ;
Simmons & Gatesy, 2015). Further analysis using longer gene sequences to build individual 4 1 1 gene trees, can help resolve this issue. Nevertheless, we suggest the use of both the Overall results from this study and previous studies, suggests that CG lineage might genetic evidence for the reticulate evolution of CG lineage needs to be further fortified with 4 1 7 more nuclear markers. Nevertheless, the discordance between concatenated and species tree 4 1 8 approaches with respect to the position of CG lineage implies that this taxon has a unique 4 1 9 1 5 evolutionary history. Currently, the CG lineage is placed in the genus Trachypithecus, but 4 2 0 more studies need to be undertaken to resolve its taxonomic position. Mirarab, S., & Warnow, T. (2015). ASTRAL-II : coalescent-based species tree estimation 5 6 7 with many hundreds of taxa and thousands of genes. Bioinformatics, 31, 44-52. analysis of hybridization and introgression between wild mongoose and brown lemurs. BMC Evolutionary Biology, 9, 32. https://doi.org/10.1186/1471-2148-9-32 5 8 8
